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I.N.RI.M. TECHNICAL REPORT 
Abstract   
This technical report describes the calibration of a ball bearing ring segment. INRIM designed the ring 
segment to be representative of bearing rings Ø > 1 m and MG Marposs S.p.a. (Turin, Italy) manufactured 
the workpiece. The calibration has been performed with the coordinate measuring machine CMM/ST001 at 
INRIM. 
The present work is related to the deliverable 2.2.3 of Drive Train Poject (ENG56). 
 
 
Questo rapporto tecnico  descrive la taratura di un segmento di anello di un cuscinetto a sfere. L’INRIM ha 
progettato il segmento di anello che è stato quindi prodotto dalla MG Marposs S.p.a. di Torino. La taratura è 
stata eseguita con la macchina a coordinate CMM/ST001 dell’INRIM. 
Questo lavoro si colloca all’interno del Progetto DriveTrian (ENG56) come deliverable 2.2.3. 
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1. MEASURAND, MEASUREMENT PROCEDURE AND CONDITIONS 
 
1.1 Measurands 
 
The ring segment embodies two nominally coaxial features: a cylinder and a torus. Both the cylinder and 
the torus are highly partial features, which poses a challenge for the calibration [1] The torus is partial 
along its ring and its tube, and the cylinder has an aperture of roughly 30° for a diameter of about 1 m. 
The measurands to calibrate are defined in terms of intrinsic and location features, according to the 
model for geometrical specification and verification [2] and they are: 
 
 Intrinsic parameters – Radius of cylinder, radius of the ring (torus) and radius of the tube (torus) 
 Location parameters (axes) -  the coaxiality by torus and cylinder (location), the angles by the 
axes of torus and cylinder in the radial and tangential planes (orientation); 
 
   
 
Figure 1: Ring segment photo (left), Sketch of intrinsic and local parameters (right). 
 
The nominal parameters of the ring segment are summarised in the following table and Fig.2: 
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Figure 2: ring segment representative of bearing rings Ø > 1 m 
 
 
1.2 Procedure 
 
The calibration has been performed with the coordinate measuring machine CMM/ST001, with the ring 
segment mounted on the workpiece table and a configuration of the stylus system with two stylus: one 
stylus in horizontal position and one stylus in vertical position. See Fig. 3 and Fig 4 for the set up. 
 
 
Figure 3: Set up - A: straightness standard; B: short gauge block wrung on a platen; C: ring 
segment 
 
 
 
Pag. 3 / 7 
 
 
 
Figure 4: Thermometers displacement (1,2,3 and 4); A: sketch of CMM (machine axes: blue); 
 
Traceability of CMM measurements is underpinned by suitable standards (Fig. 5). Traceability along 
tangential direction and along radial direction is obtained by means of two gauge blocks, whereas a 
straightness standard is used to correct the straightness error of the relevant portion of the CMM axis 
the ring sector is aligned to (Fig. 2). 
 
The calibration is done as follow:  
The distance of the two reference pin seats of the standard are calibrated with a CMM by comparison 
with the calibrated 250 mm gauge block CEJ 750004. This provides traceability in the tangential 
direction of the standard (precalibration). In subsequent measurements, this distance is measured 
again, and the coordinates along that direction of measured points are stretched so as to achieve the 
calibrated value (Fig. 5). This also correct for thermal expansion in that direction.  
The calibrated straight edge s/n 13.110 is also measured, to correct for the CMM straightness.  
All remaining measurements are then taken, with the addition of the calibrated 160 mm gauge block 
(set s/n 415.1030 – 30410) which provides traceability along the radial direction. The resulting 
proportional correction is then propagated to all point coordinates in that direction. The fact that the 
measured features are highly partial amplifies the CMM errors, specifically the scale error in the radial 
direction and the straightness error along the tangential direction. These are recovered by comparison 
with the short gauge block and with the straight edge. 
 
 
 
Figure 5: scheme of traceability chain and applied corrections 
 
To minimise the effects of the CMM geometry errors, the calibrated gauge blocks used are aligned 
parallel and positioned as close as possible to the features under precalibration (Fig. 2). This way the 
effects of the CMM geometry errors are second order and neglected. 
 
Pag. 4 / 7 
 
The deviation of the mean temperatures of the ring segment and of the calibrated gauge blocks from 
the standard reference temperature (20 °C [3]) is relevant to the precalibration and is compensated 
for. On the contrary, it is not to the actual calibration as the scale factors applied to all sampled points 
already include and compensate for thermal expansion effects. 
 
 
1.3 Environmental condition 
The ring segment and gauge blocks temperatures varied during the measurement as shown in the 
following table. The value of the thermal expansion coefficient (CTE) of the ring segment was 
assumed at (11.5 ± 2.5) × 10
-6
 K
-1
. 
 
 
 
2. MEASUREMENT RESULTS AND ASSOCIATED UNCERTAINTIES 
 
2.1 Results 
 
The calibration values and their uncertainties are reported in the tables below.  
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2.2 Uncertainty 
 
The uncertainty of measurement is summarised in the following tables. 
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The reported expanded uncertainty of measurement U is stated as the standard uncertainty of 
measurement multiplied by the coverage factor k = 2, which for a normal distribution corresponds to a 
coverage probability of approximately 95%.  
In the evaluation of the standard uncertainty, the long-term stability of the object under measurement 
has not been considered.  
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